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(57) ABSTRACT

A method and apparatus can control a tape speed 1n a
magnetic tape recording/reproducing apparatus. The method
can include operating the brake unit at a determined oper-
ating point to reduce the rotating speed of the supply or
take-up reel, sensing the rotating speed of the capstan motor
during the speed reduction by the brake unit at least two
fimes to calculate when the rotating speed of the capstan
motor substantially operates at a reduced target rotating
speed, and stopping the braking operation of the brake unit
based on the calculated time point. The method and appa-
ratus can selectively achieve a rapid high-speed winding
operation while reducing or preventing damage to the tape,
and to achieve an accurate control substantially irrespective
of surrounding conditions.

23 Claims, 9 Drawing Sheets
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METHOD AND APPARATUS FOR
CONTROLLING SPEED IN RECORDING/
REPRODUCING APPARATUS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a recording/reproducing
apparatus.

2. Background of the Related Art

A recording/reproducing apparatus can include a mag-
netic tape recording/reproducing apparatus. A magnetic tape
recording apparatus 1s a device for selectively magnetizing
a magnetic tape by use of a magnetic head while running the
magnetic tape along a tape running system to record or
reproduce recorded audio and/or video signals on the tape.
Where such a magnetic tape recording apparatus operates to
record signals or reproduce recorded signals on a tape, the
tape 1s unwound from a supply tape reel, and then wound

around a take-up tape reel while running along the tape
recording apparatus.

When the unwound tape 1s completely wound around the
take-up tape reel, 1t 1s 1impossible to perform recording and
reproduction of signals. The recording and reproduction of
signals can be achieved after the tape 1s wound again around
the supply tape reel. The operation of winding the tape from
the take-up tape reel to the supply tape reel 1s carried out at
a high speed. Of course, such a high-speed winding opera-
tion may be to transfer the tape from the supply tape reel to
the take-up tape reel in order to record or reproduce signals
starting from a particular point on the tape.

At the point of time when the tape 1s completely wound
around the supply tape reel or take-up tape reel at a high
winding speed, a high tension 1s temporarily applied to the
tape at the trailing tape end connected to the unwinding-side
tape reel. In severe cases, the connection between the tape
and the unwinding-side tape reel may be severed by the
tension.

The above references are incorporated by reference herein
where appropriate for appropriate teachings of additional or
alternative details, features and/or technical background.

SUMMARY OF THE INVENTION

An object of the mnvention 1s to solve at least the above
problems and/or disadvantages and to provide at least the
advantages described hereinafter.

Another object of the present invention 1s to provide a

speed control method and apparatus that i1s capable of
operating at an i1ncreased speed.

Another object of the present mvention 1s to provide a
speed control method and apparatus that can wind a tape 1n
a tape cassette used for use 1n a magnetic tape recording/
reproducing apparatus without causing any damage to the
tape.

Another object of the present mvention 1s to provide a

speed control method and apparatus that 1s capable of
reducing or avoiding any tape or media loosening.

Another object of the invention 1s to provide a tape speed
control method and apparatus that 1s capable of winding at
a high speed without being influenced by surrounding con-
ditions.

To achieve at least the above objects and other advantages
in a whole or 1n part and 1n accordance with the purpose of
the present invention, as embodied and broadly described
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herein, there 1s provided an apparatus that includes a supply
mechanism configured to operate in a high speed winding
mode and a fast forward/rewind mode, a driving motor
configured to drive the supply mechanism at a first speed 1n
the high speed winding mode, wherein the first speed 1is
higher than a speed 1n the fast forward/rewind mode, a brake
mechanism that reduces a speed of the supply mechanism
from the first speed to a second speed, and a control circuit
that controls the brake mechanism during the reduction of
the supply mechanism speed from the first speed to the
second speed.

To further achieve at least the above objects and other
advantages 1n a whole or 1n part and 1n accordance with the
purpose of the present invention, as embodied and broadly
described herein, there 1s provided a method that includes
driving a capstan motor at a first speed, braking to reduce the
speed of the capstan motor to a second speed, releasing the
braking operation so that the capstan motor substantially
achieves the second speed, wherein the first speed 1s higher
than the second speed, wherein both the first and second
speed are greater than a play mode speed.

To further achieve at least the above objects and other
advantages 1n a whole or 1 part and 1n accordance with the
purpose of the present invention, as embodied and broadly
described herein, there 1s provided a method for controlling
operations 1n a high-speed winding mode for a recording/
reproducing apparatus that includes supply and take-up reels
adapted to rotate selectively in accordance with a driving
force from a motor, the method 1ncluding performing high-
speed winding by increasing the rotating speed of the motor
to a target speed according to a high-speed winding request,
braking while calculating a point of time when the rotating
speed of the motor reaches a reduction target speed, and
releasing the braking on the basis of the calculated point of
time, and stopping the motor after driving the motor at the
reduction target speed during a desired time.

Additional advantages, objects, and features of the inven-
tion will be set forth 1n part in the description which follows
and 1n part will become apparent to those having ordinary
skill 1in the art upon examination of the following or may be
learned from practice of the invention. The objects and
advantages of the invention may be realized and attained as
particularly pointed out 1n the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

The 1nvention will be described 1n detail with reference to
the following drawings in which like reference numerals
refer to like elements wherein:

FIG. 1 1s a speed graph that shows a method for control-
ling a tape speed 1n a high-speed winding mode 1n a
magnetic tape recording/reproducing apparatus;

FIG. 2 1s a diagram that shows a plan view 1llustrating a

preferred embodiment of a deck included 1n a magnetic tape

recording/reproducing apparatus according to the present
mvention;

FIG. 3 1s a block diagram 1llustrating a preferred embodi-
ment of a circuit conflguration for running a tape 1n a
magnetic tape recording/reproducing apparatus according to
the present invention;

FIGS. 4A to 4C are flow charts respectively illustrating a
preferred embodiment of a method for controlling a tape
speed 1n a magnetic tape recording/reproducing apparatus
according to the present 1nvention;

FIG. 5 1s a graph that shows an exemplary tape speed
controlling method according to the present invention;
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FIG. 6 1s a graph 1llustrating an exemplary time-speed
relation 1 a speed reduction operation according to the
present mvention;

FIG. 7 1s a graph illustrating an exemplary braking
operation according to operations of a loading motor in
accordance with preferred embodiments of the present
mmvention; and

FIG. 8 1s a diagram that shows an exemplary speed graph

according to a preferred embodiment of a speed control
method according to the present mnvention.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

As shown 1n FIG. 1, the rotating speed of a capstan motor
adapted to supply a driving force for tape winding can be
controlled 1n a high-speed tape winding mode. In an mitial
stage, its rotating speed 1s abruptly increased until a time
point a'. The capstan motor 1s maintained at the increased
speed until a time point b'. The time point b' 1s preferably the
point of time when the remaining tape amount on the tape
reel of a tape cassette fitted around a driven-side reel (that is,
a supply reel in a fast forward (FF) mode, or a take-up reel
in a rewind (REW) mode) corresponds to a predetermined
value.

From the time point b', the capstan motor can be con-
trolled to gently reduce its rotating speed (e.g., in an interval
b'-c'). When the rotating speed of the capstan motor is
reduced to a predetermined value, the capstan motor 1is
controlled to rotate at a constant speed corresponding to the
predetermined value (¢.g., in an interval ¢'-d'"). Subsequently,
the rotating speed of the capstan motor can be further
reduced so that the capstan motor 1s rotated at a constant
speed corresponding to the reduced speed (e.g., in an inter-
val e'-f'). The capstan motor is then stopped.

However, the time taken to reduce the rotating speed of
the capstan motor to a predetermined speed at point c' 1s
lengthened because the speed reduction interval b'-c', in
which a reduction in the rotating speed of the capstan motor
1s carried out, 1s relatively long. For this reason, there 1s a
severe restriction 1n realizing a high-speed winding opera-
tion at a very high speed, for example, about 500 times-
speed. The “500 times-speed” means a speed 1n which 43.2
seconds are taken to completely wind a video tape from one
reel to another reel in a video tape cassette having a tape
length corresponding to a playback time of 120 minutes 1n
a standard play mode and a playback time of 360 minutes 1n
an extended play mode. The speed at which such a tape
length 1s completely wound 1n one minute can also be called
a “360 times-speed”.

Further, when the speed reduction 1s carried out 1n accor-
dance with the speed reduction program of FIG. 1, tape
loosening can occur 1n the interval b'-¢' because of a load
deviation depending on the tape length of the tape cassette,
a load deviation of the reel driving unit or tape running
system 1n the deck, or a torque deviation of the capstan
motor. In addition, the tension of the tape may be varied in
accordance with a variation 1n the surrounding conditions
such as the temperature or humidity where the magnetic tape
recording/reproducing apparatus 1s placed, so that tape loos-
ening may occur 1n the interval b'-c' in FIG. 1 because of a
variation 1n the running interval of the reel.

Preferred embodiments of methods and apparatus that
control speed 1n a high-speed winding mode in a recording/
reproducing apparatus in accordance with the present inven-
tion will now be described. A preferred embodiment of an
apparatus adapted to run a tape that can be provided at a
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main chassis 1n a magnetic tape recording/reproducing appa-
ratus according to the present invention 1s shown in FIG. 2.
The apparatus shown 1n FIG. 2 can be a deck used 1n a
magnetic tape recording/reproducing apparatus to which
preferred embodiments of methods for controlling tape
speed may be applied.

As shown 1n FIG. 2, a supply reel 12 adapted to drive the
supply tape reel of a tape cassette and a take-up reel 14
adapted to drive the take-up tape reel of the tape cassette are
mounted to a main chassis 10 spaced apart from each other
by a desired distance. A tape running system 20 1s also
preferably mounted on the main chassis 10 1n order to guide
the running of a tape T emerging from the tape cassette. The
tape running system 20 can include a plurality of posts 22,

23, 28, 28' and 45, and rollers 25, 27, 27' and 42. A head
drum 30 1s arranged at an intermediate position 1n the tape
running system 20. The tension post 22 can be mounted on
a tension lever 21 and adapted to adjust the tension of the
tape T. The posts 28 and 28' are slant posts mounted on slant
bases 26 and 26' preferably sliding on the main chassis 10,
respectively, 1n order to wind the tape T on the head drum
30. In accordance with the sliding movements of the slant
bases 26 and 26/, the tape T can be drawn out from the tape
cassette corresponding to a full-width erase head 24, and an
audio/control head 29.

The drive power for running the tape T 1s preferably
provided by a capstan motor 40. The capstan motor 40 has
a capstan shaft 41 protruded from the main chassis 10 1n a
direction away from the capstan motor 40. The capstan shaft
41 guides the tape T running along the tape running system
20 in cooperation with the roller 42 (e.g., a pinch roller).

A clutch assembly 50 1s preferably arranged between the
supply reel 12 and the take-up reel 14 to transtfer the drive
power from the capstan motor 40 to drive the supply reel 12
or take-up reel 14 at a constant torque, rrespective of the
amount of the wound tape remaining on the associated
supply tape reel or take-up tape reel. An 1dler gear 52 1is
mounted to one end of an idler arm 54, which 1s coaxially
mounted at the other end thereot to the clutch assembly 50.
The 1dler gear 52 1s selectively coupled to the supply reel 12
or take-up reel 14, thereby transmitting the drive power
received from the clutch assembly 50 to the coupled reel.

A tension brake unit 60 can be installed at the supply reel
12. The tension brake unit 60 controls the rotating speed of
the supply reel 12 in accordance with the tension of the tape
T. A separate reel brake unit (not shown) may also be
installed at the supply reel 12 in order to control the rotating
speed of the supply reel 12.

A system for controlling the rotating speed of the take-up
reel 14 will now be described. A first brake unit 62 can
control the rotating speed of the take-up reel 14 to adjust the
tension of the tape T, and a second brake unit 64 can control
the rotating speed of the take-up reel 14. The first and second
brake units 62 and 64 are driven by a function plate (not
shown). The function plate operates, by the drive power
from a loading motor, in different fashions 1n accordance
with different operation modes (that is, a play mode, a record
mode, a fast forward mode, and a rewind mode, etc.).

The first brake unit 62 controls the rotating speed of the
take-up reel 14 to maintain a constant tension of the tape T
in a reverse running mode. The second brake unit 64 serves
to stop the take-up reel 14 or to reduce the rotating speed of
the take-up reel 14 when the operation mode 1s switched
from a running mode or high-speed winding mode to a stop
mode.

As shown 1 FIG. 2, the tape T 1s preferably run as
indicated by the solid line in a general running mode (that is,
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a play mode or a record mode), while being run as indicated
by the phantom line in a high-speed winding mode (that is,
a fast forward mode or a rewind mode).

FIG. 3 1s a block diagram that shows a preferred embodi-
ment of a circuit configuration that drives a magnetic tape
recording/reproducing apparatus. Preferred embodiments of
methods for controlling recording/reproducing can be per-
formed using the circuit configuration of FIG. 2.

As shown m FIG. 3, a supply reel-side remaining tape
amount sensor 110 (not shown 1n FIG. 2) can be arranged at
the main chassis 10 beneath the supply reel 12 to detect the
remaining amount of the tape wound on the supply tape reel
of the tape cassette fitted around the supply reel 12. A
take-up reel-side remaining tape amount sensor 120 can be
arranged at the main chassis 10 beneath the take-up reel 14

to detect the remaining amount of the tape wound on the
take-up tape reel of the tape cassette fitted around the
take-up reel 14. A capstan motor RPM detecting unit 130 can
serve to detect the RPM of the capstan motor 40.

As shown 1n FIG. 3, a key input unit 140 preferably serves
to set various operation modes (e.g., the play mode, the
record mode, the fast forward mode, and the rewind mode,
etc.) or the like in accordance with a manipulation thereof by
the user. A capstan motor driving unit 160 can drive the
capstan motor 40 to rotate the supply reel 12 or take-up reel
14 at a speed set 1n accordance with a selected one of the
operation modes. A loading motor driving unit 180 1s also
provided that serves to drive a loading motor 190 for loading,
and unloading of a tape cassette. The loading motor driving
unit 180 also can move the function plate 200 to a position
set 1n accordance with a selected one of the operation modes
by driving the loading motor 190, which allows the tension
brake 60 and the first and second brake units 62 and 64 to
control respective rotating speeds of the supply reel 12 and
take-up reel 14 while controlling the tension of the tape.

The control unit 100 preferably controls the capstan motor
driving unit 160 and the loading motor driving unit 180 in
response to various inputs from the key input unit 140 or the
like respectively associated with the operation modes. Such
controls are preferably carried out based on detection signals
from the remaining tape amount sensors 110 and 120, a
detection signal from the capstan motor RPM detecting unit
130, and a count signal from a counter 150 adapted to count
the lapse of time in accordance with system clock signals.

Preferred embodiments of the present invention can be
based on the exemplary relation between the rotating speed
and time exhibited when the rotating speed of the supply reel
12 or take-up reel 14 1s reduced by braking. An exemplary
relation between the rotating speed and time that has the
form of a straight line with a negative slope 1s exhibited
when the rotating speed of the supply reel 12 or take-up reel
14 1s reduced at a constant reduction rate by use of the brake
unit adapted to control the rotating speed of an associated
one of the supply reel 12 and take-up reel 14 (for example,
the second brake unit 64 in the case of the take-up reel 14).
However, the present mvention 1s not mtended to be so
limited.

In accordance with preferred embodiments, the rotating
speed and time of the capstan motor are detected at least two
times during a speed reduction carried out by the brake
operations. The detected data can be used to derive the time
at which a desired rotating speed 1s obtained. After stopping
of the braking operation, the capstan motor 1s operated again
at a desired rotating speed (e.g., a rotating speed enough low
to generate no damage to the tape T when abruptly stopped).

As shown 1n FIG. 5, the point b 1s the point of time when
the brake adapted to control the rotating speed of an asso-
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cilated one of the supply reel 12 and take-up reel 14 begins
to operate. As shown 1n FIG. §, the point A represents the
point of time when the rotating speed of the capstan motor
40 1s primarily observed, whereas the point B represents the
point of time when the rotating speed of the capstan motor
40 1s secondarily observed. FIG. § 1s a diagram that shows
an exemplary tape speed according to preferred embodi-
ments of the present invention. The point C can be the point
of time when the rotating speed of the capstan motor 40
reaches a reduction target speed. The reduction target speed
1s preferably a speed 1n which even when the operation of
winding the tape around one of the take-up reel or supply
reel 1s abruptly stopped caused by, for example, a complete
tape winding, the tension of the tape does not increase to a
level capable of generating damage to the tape at the other
reel.

The equation of the straight line A—C can be expressed as
follows: w—wy=(w,-w )t/(t;-t;). As shown in FIG. 6, it can
be assumed that t,=0. When this equation 1s arranged with
respect to “t”, t=(w—-mwy)t; (w,-m,).

[f t=t,, equation (1) can be obtained as follows:

(1)

£=(W5— )t /(01—

As shown in FIG. 7, “t,.” represents the time for which the
braking state 1s maintained, whereas “t, ” represents the time
taken to release the braking state or the time taken until the
brake, which 1s in operation 1n accordance with the driving
operation of the loading motor, stops the braking operation.
These times t- and t, have a relation that t,—t,=t+t, .

Therefore, equation (2) can be obtained as follows:

(2)

le=l—1—1;

Based on the equations (1) and (2), equation (3) can be
established as follows:

(3)

fe=(0,— 0 )(11—1; )/ (0~ W)

However, “t,” 1s preferably determined in accordance
with the characteristics of the associated set or magnetic tape
recording/reproducing apparatus, for example, as described
above. This 1s because the time t, 1s the time taken until the
braking operation 1s released as the function plate 200 1s
moved to a braking operation releasing position 1n accor-
dance with the control operation of the control unit 100,
which controls the loading motor driving unit 180 to trans-
mit the driving force from the loading motor 190 to the
function plate 200.

The time t can be determined using the equation (3) after
deriving “w,” and “w,”, and then measuring “t,”.
Accordingly, the point of time when “wm,”, a desired rotating
speed, 1s obtained can be accurately found irrespective of
surrounding conditions. That 1s, the rotating speed of the
capstan motor 40 can be accurately reduced to the desired
rotating speed m,, so that the tape T can then be safely
wound at the reduced, constant rotating speed.

A preferred embodiment of the speed control method
according to the present invention will now be described. As
shown 1n FIGS. 4A to 4C, the preferred embodiment of a
speed control method 1n a high-speed winding mode can be
performed and will now be described using each magnetic
tape recording/reproducing apparatus as shown in FIGS.
2-3. The flow charts of FIGS. 4A to 4C 1illustrate one
exemplary case of sensing the speeds w, and w, causing the
time interval of “t1-t0” from the point A (the primary speed
sensing point) to the point B (the secondary speed sensing
point) to be substantially equal to the time interval of “t2—-t1”
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from the point B to the point C (the target speed point).
However, the present mvention 1s not intended to be so
limaited.

After a process starts as shown in FIG. 4A, when the
high-speed winding mode (e.g., FE/REW mode) is selected
by the user 1n accordance with an associated input from the
key mput unit 140, the control unit 100 preferably controls
the loading motor driving unit 180 to cause the function
plate 200 to be moved to an initial position associated with
the selected high-speed winding mode (e.g., the FF/REW
mode) in accordance with an operation of the loading motor
190 (Step S10). Accordingly, the deck can be driven in a
high-speed winding mode (Step S12).

The control unit 100 then controls the capstan motor
driving unit 160 to abruptly increase the rotating speed of the
capstan motor 40 preferably until a desired target speed w_
(for example, a 500 times-speed) is obtained (Step S14). The
control unit 100 can determine whether the rotating speed of
the capstan motor 40 reaches the target speed m,, (Step S16).
Steps S14 and S16 are preferably repeated until the target
speed w_ 1s reached.

In the high-speed winding mode, the tape T 1s run along
a running path under the condition 1n which the slant bases
26 and 26' arec positioned at a position retracted from the
head drum 30 such as indicated by the phantom line 1n FIG.
2. The driving force for running the tape T can be provided
by the capstan motor 40, and selectively transmitted to the
supply reel 12 or take-up reel 14 via the clutch assembly 50.
When the driving force from the capstan motor 40 1s
transmitted to the take-up reel 14, the tape wound around the
supply tape reel 1s preferably unwound, and then wound
around the take-up tape reel. When the driving force from
the capstan motor 40 1s transmitted to the supply reel 12, the
tape wound around the take-up tape reel 1s preferably
unwound, and then wound around the supply tape reel.

When the rotating speed of the capstan motor 40 reaches
the target speed w,, (e.g., “a” in FIG. §), the control unit 100
preferably controls the capstan motor driving unit 160 so
that the capstan motor 40 maintains the target speed m,
(Step S18). Subsequently, the control unit 100 can analyze
a remaining tape amount detection signal received from the
driven reel-side remaining tape amount sensor (e.g., the
supply reel-side remaining tape amount sensor 110 1n the FF
mode, or the take-up reel-side remaining tape amount sensor
120 in the REW mode), to determine whether the remaining
tape amount REM reaches a predetermined reference value
REM, . (Step S20). Here, the reference remaining tape
amount REM, . does not correspond to the remaining tape
amount at which the brake begins to operate. The reference
remaining tape amount REM, . preferably takes into con-
sideration the tape amount additionally unwound at the
rotating speed m_ until a braking effect 1s actually exhibited
by the deck or tape running system 20. The reference
remaining tape amount REM, . can be determined using a
function, empirically or the like.

When the remaining tape amount REM reaches the pre-
determined reference value REM, . (step S20-yes), the con-
trol unit 100 can control the loading motor driving unit 180
to move the function plate 200 to a position corresponding
to a final stage of the high-speed winding mode (that is, the
FF mode or REW mode) in accordance with an operation of
the loading motor 190. Accordingly, the deck preferably
operates 1n a brake actuation state at the final stage of the
high-speed winding mode (at the time point t_, in FIG. §)
(Step S22). For example, where the high-speed winding
mode 1s the REW mode, the second brake 64 abruptly
reduces the rotating speed of the take-up reel 14 while

10

15

20

25

30

35

40

45

50

55

60

65

3

coming 1nto close contact with the take-up reel 14 when the
deck operates 1n the brake actuation state at the final stage

of the REW mode.

Concurrently, the control unit 100 can control the counter
150 to set a count value t_,, to be 0 (Step S24), and then to
start 1ts count operation.

The control unit 100 can check whether the brake begins
to operate under the control of the loading motor driving unit
180 (Step S26), and count-up the count value t_,, until it is
determined that the brake begins to operate (Step S28).
When the brake begins to operate, the rotating speed of the
capstan motor 40 detected by the capstan motor RPM
detecting unit 130 1s reduced. The point of time when the
rotating speed reduction begins 1s preferably the braking
operation beginning point. In this manner, the beginning of
the braking operation can be made at the point b 1n FIG. §
corresponding to the point of time t_,.

When the control unit 100 determines the beginning of the
braking operation, it temporarily can store the counted-up
count value t_,_ 1n an internal register or the like. The control
unit 100 then can check, preferably based on a detection
signal received from the capstan motor RPM detecting unit
130, whether the rotating speed of the capstan motor 4(
reaches a predetermined X times-speed (e.g., the rotating
speed m, at the point A 1 FIG. §, for example, a 11-times
speed) in accordance with the braking operation (Step S30).

When 1t 1s determined that the rotating speed of the
capstan motor 40 reaches “mw,” (e.g., X times-speed), the
control unit 100 preferably controls the counter 150 to set a
count value T, to be 0 (Step S32), and then to start its count
operation.

The control unit 100 then can check, preferably based on
a detection signal received from the capstan motor RPM
detecting unit 130, whether the rotating speed of the capstan
motor 40 reaches a predetermined Y times-speed (e.g., the
rotating speed m, at the point B 1n FIG. §, for example, an
8-times speed) in accordance with the continued braking
operation (Step S34). Also, the control unit 100 counts-up
the count value T_, . until the rotating speed of the capstan
motor 40 reaches “m,” (Y times-speed) (Step S36).

When the rotating speed of the capstan motor 40 reaches
“w,” (Y times-speed), the control unit 100 can calculate the
fime taken until a brake release actuation 1s begun 1n order
to obtain a target speed, that is, a Z times-speed (e.g., the
rotating speed m, at the point C 1n FIG. 5, for example, a
5-times speed) or until the point of time t,' as shown in FIG.
S (Step S38). FIG. 5 shows an exemplary relationship (e.g.,
negative constant slope) for the time period b-C. However,
the present mvention 1s not mtended to be so limited. For
example, the period b-C can have a prescribed non-linear
relationship or a period t,—t, could be non-linear or a curve
approaching m..

Preferably, when the count value t_, . counted at step S28,
that is, the time taken for the deck to activate the brake (the
interval between the time points t_, and t_, in FIG. §) is
deducted from the count value T_ . counted at step S36, that
1s, the interval t,—t, between the points A and B 1n FIG. §,
the interval between t, and t,', AT, 1s derived. This 1s because
the 1nterval t,—t, between the points A and B 1s preferably
substantially equal (e.g., in a prescribed relationship) to the
interval between the points B and C, and the time taken for
the function plate 200 to move to the brake actuation
position 1n accordance with the driving of the loading motor
190 under the control of the loading motor driving unit 180
1s substantially equal to the time taken for the function plate
200 to move to the brake release position.

Thereafter, the control unit 100 preferably controls the

counter 150 to perform a countdown operation until the time
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AT calculated as described above corresponds to 0 (Steps
S40 and S42). When the time AT corresponds to 0, the
control unit 100 can control the loading motor driving unit

180 so that the loading motor 190 1s driven to move the
function plate 200 to the brake release position (Step S44).
Concurrently or simultaneously, the control unit 100 con-
trols the counter 150 to set a count value t to be 0 (Step S46),
and then to start its count operation.

The control unit 100 then checks whether or not the count
value t corresponds to the time t_ . taken to release the
braking operation (Step S48). That is, the counted value t 1s
counted up until the braking operation is released (Step
S50).

When the count value t corresponds to “t 7, the control
unit 100 controls the capstan motor driving unit 160 so that
the capstan motor 40 rotates at a constant speed correspond-
ing to the Z times-speed (for example, a 5 times-speed) (Step
S52).

Subsequent operations can be carried out in a similar
manner as those 1n the speed reduction control. That 1s, when
the rotation at the Z times-speed 1s continued for a prede-
termined time (e.g., the interval C-d in FIG. §), the control
unit 100 controls the capstan motor driving unit 160 so that
the capstan motor 40 rotates at a constant speed correspond-
ing to, for example, a 1 time-speed, for a predetermined time
(c.g., the interval e-f in FIG. 5) (Step S54). Thereafter, the
control unit 100 controls the capstan motor driving unit 160
to stop the capstan motor 40 (Step S56).

FIG. 8 1s a diagram that shows the time taken to reduce
the rotating speed of the capstan motor at the final stage of
the high-speed winding mode 1n accordance with the method
of FIGS. 4A—4C. As shown 1n FIG. 8, the reduction time
taken 1n accordance with the preferred embodiments accord-
ing to the present mvention as indicated by the solid line 1s
less than the reduction time taken in the method of FIG. 1
shown by the phantom line. Further, the high-speed winding
speed (e.g., a) can be higher than the method of FIG. 1. Thus,
a rapid high-speed winding operation can be achieved in
accordance with preferred embodiments of the present
invention. Further, the tape coupled between the reels 1s not
subjected to any high tension in accordance with the pre-
ferred embodiments, and it 1s possible to more rapidly wind
the tape without causing any damage to the tape. In accor-
dance with the preferred embodiments according to present
invention, 1t 1s also possible to always and stably obtain a
target reduction speed 1n spite of a variation in surrounding
conditions such as the torque of the brake, the load deviation
of the reel driving unit or running system 1n the deck, the
load characteristics of the cassette, and temperature and
moisture.

The foregoing embodiments and advantages are merely
exemplary and are not to be construed as limiting the present
invention. The present teaching can be readily applied to
other types of apparatuses. The description of the present
imvention 1s 1mntended to be illustrative, and not to limit the
scope of the claims. Many alternatives, modifications, and
variations will be apparent to those skilled 1n the art. In the
claims, means-plus-function clauses are intended to cover
the structures described herein as performing the recited
function and not only structural equivalents but also equiva-
lent structures.

What 1s claimed 1s:

1. An apparatus comprising:

a supply mechanism configured to operate 1in a high speed
winding mode and a fast forward/rewind mode;

a driving motor configured to drive the supply mechanism
at a first speed 1n the high speed winding mode,
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wherein the first speed 1s higher than a speed 1n the fast
forward/rewind mode;

a brake mechanism that reduces a speed of the supply
mechanism from the first speed to a second speed;

a control circuit that controls the brake mechanism during
the reduction of the supply mechanism speed from the
first speed to the second speed,

and wherein the brake mechanism releases a brake from
the supply mechanism before the supply mechanism
reaches the second speed.

2. The apparatus of claim 1, wherein the high speed
winding mode of the supply mechanism 1s capable of
transferring a tape from a take-up tape reel to a supply tape
reel 1n less than one minute.

3. The apparatus of claim 1, wherein the high speed
winding mode of the supply mechanism 1s capable of
transferring a tape more than 2 times faster than a fast

forward/rewind mode.

4. The apparatus of claim 1, wherein the control circuit
determines a braking interval for the brake mechanism to
reduce the speed of the supply mechanism from the first
speed to the second speed.

5. The apparatus of claim 4, wherein the control circuit
determines a starting point and a release point of the brake
mechanism for the braking mterval.

6. The apparatus of claim 5, comprising a sensor that
senses a speed of the driving reel portion, wherein the sensor

1s coupled to the control circuit, and wherein the control
circuit determines the release point of the braking mecha-
nism by receiving at least first and second signals represent-
ing the speed of the driving reel portion during the braking
interval.

7. The apparatus of claim 6, wherein the control circuit
determines the release point using the at first and second
signals to calculate a speed changing relationship during the
braking interval.

8. The apparatus of claiam 7, wherein the rotating speed
relative to the relationship of the supply mechanism 1n the
braking interval 1s a prescribed relationship.

9. The apparatus of claim 8, wherein the prescribed
relationship 1s a line having a substantially constant negative
slope.

10. The apparatus of claim 8, wherein a time between the
first speed signal and the second speed signal 1s approxi-
mately equal to a time between the second speed signal and
a time the supply mechanism 1s at the second speed.

11. The apparatus of claim 10, wherein the control circuit
determines the release point using a second period, wherein
the second period 1s substantially a time between when the
brake mechanism receives a termination signal and a brak-
ing force 1s released from the driving reel portion.

12. The apparatus of claim 11, wherein the apparatus 1s a
tape recording/reproducing device, wherein a speed ditfer-
ence between a value of the first and second speed signals 1s
approximately equal to a speed difference between the value
of the second speed signal and the second speed, and
wherein a time to apply the brake mechanism 1s substantially
equal to a time to release the brake mechanism.

13. The apparatus of claim 11, wherein the supply mecha-
nism has a driving reel portion and a driven reel portion
configured to engage a tape cassctte, wherein the starting
point 1s determined based on a signal representing an
amount of tape remaining that corresponds to the driven reel
portion, wherein the signal 1s determined taking into con-
sideration an amount of rotating by the driven reel during a
first period between when the brake mechanism begins to
operate and a braking force 1s applied to the driving reel
portion.
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14. The apparatus of claam 1, wherein the brake mecha-
nism reduces the speed of the supply mechanism from the
second speed to a stopped status.

15. A method, comprising:

driving a capstan motor at a first speed;

braking to reduce the speed of the capstan motor to a
second speed;

releasing the braking operation so that the capstan motor
substantially achieves the second speed, wherein the
first speed 1s higher than the second speed, wherein
both the first and second speed are greater than a play
mode speed.

16. A method for controlling operations 1n a high-speed
winding mode for a recording/reproducing apparatus that
includes supply and take-up reels adapted to rotate selec-
tively 1n accordance with a driving force from a motor, the
method comprising:

performing high-speed winding by increasing the rotating

speed of the motor to a target speed according to a
high-speed winding request;

braking while calculating a point of time when the rotat-

ing speed of the motor reaches a reduction target speed,
and releasing the braking on the basis of the calculated
point of time; and

stopping the motor after driving the motor at the reduction
target speed during a desired time, wherein the braking
and releasing the braking comprises releasing the brak-
ing from the motor at a predetermined point of time
before the calculated point of time so that the rotating,
speed of the motor substantially operates at the reduc-
tion target speed.

17. The method according to claim 16, wheremn the

braking and releasing the braking, comprises:

(a) determining a starting point of time when the braking
1s to operate during the high-speed winding operation at
the target speed;

(b) beginning the braking at the starting operating point to
reduce the rotating speed of the motor;

(¢) sensing at least first and second rotating speeds of the
motor and a corresponding first and second point of
time during the braking; and
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(d) determining the calculated point of time when the
rotating speed of the motor reaches the reduction target
speed based on the first and second sensed rotating
speeds of the motor and the first and second points of
fime.

18. The method according to claam 17, wherein the
starting point of time 1s determined based on a signal that
corresponds to an amount of the tape remaining on a
driven-side one of a supply and take-up tape reels.

19. The method according to claim 18, further comprising
measuring a first period until a braking force 1s applied to the
supply or take-up reel after the braking begins to operate,
wherein the signal 1s determined taking into consideration
the first period.

20. The method according to claim 19, wherein the
predetermined point of time 1s calculated by deducting the
first period for the operation of the braking force from the
calculated point of time when the rotating speed of the motor
substantially operates at the reduction target speed.

21. The method according to claim 17, wherein the at least
first and second sensed speeds are used to determine a
relationship of speed to time of the motor during braking.

22. The method of claam 16, wherein said stopping

comprises braking until the rotating of the motor 1s stopped.
23. An apparatus, comprising:

a supply mechanism configured to operate 1n a high speed
winding mode and a fast forward/rewind mode;

a driving motor configured to drive the supply mechanism
at a first speed 1n the high speed winding mode,
wherein the first speed 1s higher than a speed 1n the fast
forward/rewind mode;

a brake mechanism having at least one brake unit that
brakes to the supply mechanism in the high speed
winding mode at a first point and releases from the
supply mechanism at a second point; and

a control circuit that calculates the second point before the
supply mechanism reaches to a second speed.
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